Introduction: Previous investigations have demonstrated that major depression is associated with particular patterns of cytokine signalling. The primary aim of this study was to examine peripheral proinflammatory and anti-inflammatory cytokines and immune balance in Generalised Anxiety Disorder (GAD). Methods: A case-controlled cross-sectional study design was employed: 54 patients with GAD and 64 healthy controls were recruited. Participants completed self-report measures of anxiety and depression. Two pro-inflammatory and two anti-inflammatory cytokines were measured using multiplex technology. Results: Case-control logistic regression analyses revealed significant differences in serum levels of IL-10, TNF-a, and IFN-c between GAD and control groups after adjusting for age, gender, body mass index, smoking and alcohol consumption: these group differences were independent of the presence or degree of depression. Comparison of pro-inflammatory to anti-inflammatory cytokine ratios indicated that there were significantly higher ratios of TNF-a/IL10, TNF-a/IL4, IFN-c/IL10, and IFN-c/IL4 in the GAD group compared to the control group. Conclusions: This study is the first to investigate both pro-and anti-inflammatory cytokines and their balance in patients with GAD in comparison to healthy controls. The findings indicate a relatively increased pro-inflammatory response and decreased antiinflammatory response and provide the first demonstration of an altered cytokine balance in GAD. Serum cytokine levels in GAD were independent of the presence of depression.
Introduction
Research into psychoneuroimmunology (PNI) has led to substantial advances in understanding of the reciprocal interactions between the central nervous system and the immune system in neuropsychiatric disorders (Ader and Cohen, 1975; Ader et al., 1995; Miller et al., 2009; Raison et al., 2006; Leonard and Myint, 2009) . Evidence from experimental and clinical research shows the pivotal roles of cytokine signalling to the brain to produce neurochemical, neuroendocrine, neuroimmune, and behavioural changes (Kronfol and Remick, 2000; Maier, 2003; Loftis et al., 2010; Capuron and Miller, 2011; Dantzer et al., 2008; Müller and Schwarz, 2007) . The presence of inflammatory responses, and in particular, the role of cytokines in major depression has been addressed in numerous studies. However, neuroinflammatory markers in anxiety disorders have been studied less extensively. There is a need for better understanding of both the heterogeneous role of specific cytokines and immune balance in anxious states and in different anxiety disorders (Hou et al., 2013) .
Cytokines are soluble bioactive mediators released by various cell types both at the periphery (such as monocytes and macrophages) and in the brain (such as microglia, astrocytes, and endothelial cells), which operate within a complex network and can act synergistically or antagonistically. Based on the functional profile of an immune response, cytokine production is broadly orchestrated by T helper 1 cells (Th1) which generally mediate a pro-inflammatory cellular immune response, and T helper 2 cells (Th2) which enhance anti-inflammatory and humoral immune reactions. The pro-inflammatory cytokines, tumour necrosis http://dx.doi.org/10.1016/j.bbi.2017.01.021 0889-1591/Crown Copyright Ó 2017 Published by Elsevier Inc. All rights reserved.
